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Description 

BACKGROUND OF THE INVENTION 

5 Ihe present invention relates to a deminerafization apparatus comprising a diluting chamber packed with a doth. 
Partjcularly, It relates to an improvement in a demineralization apparatus utilizing electrodialysis action. 

As a method of producing demineraiized water, an ion exchange resin method which comprises passing water to 
be treated through an ion exchange resin-packed bed, regenerating a deteriorated ion exchange resin with an add or 
alkali regenerant and then using the regenerated resin repeatingly has been used generally. However, the method has 
TO a drawback In that a regeneration process for the ion exchange resin by using regenerant like hydrochloric add or caus- 
tic soda is troublesome and. in addition, a great amount of alkaline and addic waste water is discharged. Accordingly, 
a process for produdng demineraiized water without using the regenerant has been demanded. 

For such a demand, a demineralization method comprising an ion exchange resin and an ion exchange membrane 
in combination has been proposed in recent years. Based on the fact that water-containing ion exchange resins are 
- ' 75 good electric conductors, an electrodialysis action using anion and cation exchange membranes as diaphragms is uti* 
lized in this method. In this method, ion exchange resins as a filler are filled or packed in a diluting chamber of an elec- 
trodialysis unit defined with an anion exchange membrane and a cation exchange membrane, and water to be treated 
fk)ws tfirough the diluting charri^er under application of a vdtage. and the treated water is obtained as denv'neralized 
water. 

20 . During processing of this method, impurity ions in water to be treated is sut:jected to ion exchange by the ion 
exchange resin, impurity ions captured by the ion exchange resin are eluted by si4)ply of electric cunrent, the eluted 
impurity ions are separated by the ion exchange membranes. Demineraiized water is produced while conducting ion 
exchange by the ton exchange resin and regeneration thereof simultaneously. 

In this way, according to a so-called electrodentineralization method of producing demirieralised water by using the 

2S ion exchange membrane and the granular \on exchange resin as the filler, it requires neither the regeneration operation 
for ttie granular ion exchange resin nor use of regenerant of add or alkali lor regeneration. Therefore, it can be consid- 
ered as an advantageous metiiod. 

However, the apparatus used for the known electrodemineralization method described above has a drawback that 
there is a risk that tiie granular anion ion exchange resin and the granular catton ion exchange resin In a mixed state 

30 would separate (granular anion and cation exchange resins homogeneously dispersed and mixed are made Into an 
ihhomogeneous dispersed state due to the difference in the specific gravity t>etween both of the resins), upon change 
of fbw rate of water to be treated, or upon operation of discharging suspended materials accumulated in the diluting 
chamber out of the system. If the separation of the mixed granular ion e}xhange resins occurs, demineraiized water of 
stable quality can no more be obtained. 

35 In view of the above, there is proposed in Japanese Patent Publication (KOKOKU) Na 4-72567 (1 992). conespond- 
ing to EP-A-0 1 70 895, a means for finely dividing a diluting chamber (deionization chamber) into a specific size to pre- 
vent the separation of the mixed granular ion exchange resins caused by fluidization of the mixed granular ion exchange 
resins, so that there is a disadvantage of complicating the apparatus and making the maintenance and administration 
troutdesome. 

40 EP-A-0 503 651 relates to a regenerable demineralisation apparatus using ton exchangers that are produced t)y 
radiatton initiated graft polymerisatton and that are packed in the demineraPisation compartment of an electric dialyser. 
This document describes a mosaic ion exchanger consisting of alternately arranged cation and anion exchange groups, 
e.g. fabrics in which bundles of cation exchange fbers are woven alternately with bundles of anion exchange fibers. 
JP-A-62 079 851 disdoses an ion-exchanging fibre sheet used to purify Tiquid gases or chemicals whtoh comprises 
45 a mixture of ion-exchanging flocks and glass f bers. 

GB-A-2 086 954 describes a filter medium for selectively capturing ions in water which comprises poly (vinyl alco- 
hol) series ion exchange fibers. This filter medium contains either anionic or cationic polyvinyl alcohol exchange fibers 
and thermoplastic syntiietic fibers such as pdyethytene. 

As a result of studies made by the present inventors, It has been found tfiat troublesome maintenance operation 
so can be made unnecessary and demineraiized water having excellent quality can be obtained stak)ly, by using as ion 
exchangers in the dilution chamber, a mixture of strongly addic cation exchange fibers, strongly basic anion exchange 
fibers and tonically inactive synthetic f bers in the form of ctoth. This present invention has been accomplished based 
on the finding. 

55 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an apparatus capable of Improving the quality of deminerafized 
water and eliminating ttie complexity of the maintenance operation as compared with a known system in ¥vhtoh the 
granular ton exchange resin is packed in the dDuting chamber in the electrodemineralization apparatus described 


2 


EP 0 621 072 B1 


above. 

According to the present inventioa there is provided a demineralization apparatus comprising: 

an anode chamber (3) disposed at one end of a vessel (1) having an anode (2) at the inside of the anode chamber 
s (3); 

a cathode chamber (5) disposed at the other end of the vessel (1) having a cathode (4) at the inside of the cathode 
chamber (5); and 

at least one diluting chan^ (81 » 82) and at least one concentrating chamber (91. 92), disposed alternately 
between the anode chamber (3) and the cathode chamber (5), 
10 the diluting chamber (81 ,82) having an anion exchange membrane (61 ,62) on the anode chamber side and a cation 
. exchange membrane (71 , 72) on the cathode chamber side, 
the diluting chamber (81,82) having an inlet (121) for water to be treated and an ouUet (122) for demineralized 
water. 

the concentrating chamber (91, 92) having an inlet (131) for water and an outlet (132) for ion-concentrated water, 
IS characterized in that 

the diluting chamber (81 ,82) contains a doth (101) comprising a mixture of strongly adcEc cation exchange fibers, 
strongly basic anion e«;hange fibers and ionically inactive synthetic fbers. 

BRIEF EXPLANATION OF T HE DRAWINGS 

20 

Fig. 1 is a schematic front elevational view in vertical cross section for one embodiment of the apparatus according 
to the present invention. 

Rg. 2 is a graph showing a relation between change of an amount of the ionically inactive synthetic fibers and 
change of resistivity of the resultant treated water In Example 1. 
25 Fig. 3 is a graph showing a relation between change of a thickness of a diluting chamber and change of resistivity 
of the resultant treated water in Exarrple 2. 

Rg: 4 is a graph showing a relation between change of electroconductivity of water to be treated and change of 
resistivity of the resultant treated water in Example 3 and Comparative examples 1 and 2. 

30 pgTAILED PESQRIPTION QF TH^ INV^NJIpN 

In the demineralization apparatus, to form at least one diluting chamber and at least one concentrating chamber. 

suitable numbers of the cation exchange membrane and the anion exchange membrane are disposed alternately 

between the anode and the cathode. A chamber def ied with an anion exchange membrane disposed on the anode 
35 chamber side and a cation exchange membrane disposed on the cathode chanU^r side is a diluting chamber. A cham* 

ber defined with a cation exchange membrane disposed on the anode chamber side and an anion exchange membrane 

disposed on the cathode chamber side and disposed adjacently to the diluting chamber is the concentrating chamber. 
The diluting chamber has an inlet tor water to be treated and an outlet for demineralized water. The concentrating 

chamber has an inlet for water and an outlet for ton-concentrated water. 
40 Preferably, the demineralization apparatus comprises at least two diluting chambers are disposed between the 

anode chamber and the cathode chantber, and the concentrating chamber is formed between each of the diluting 

chancers. 

Description will t>e made to a prefen^ed embodiment of the apparatus according to the present invention with refer- 
ence to Fig. 1 . Rg. 1 is a schematic front elevational view in vertical ctoss section of the apparatus, in which a vessel 

45 1 , an anode plate 2, an anode chamber 3. a cathode plate 4, a cathode chamber 5, an anion exchange membrane 61 . 
and a cation exchange membrane 71 are shown. A diluting chamber 81 is formed between the anion exchange mem- 
brane 61 and the cation exchange membrane 71 . In the same way, a second diluting chamber 82 is formed between an 
anton exchange membrane 62 and a cation exchange menlbrane 72. In this way, the anion exchange membranes and 
cation exchange membranes are arranged alternately to form five diluting chambers in the embodiment shown in Fig. 

so 1 . A doth 101 comprising a mixture of strongly acidic catton exchange f foers, strongly basic anion exchange fibers and 
ionically inactive synthetic fibers are filled or packed in each of the five diluting chambers. Further, a chamber 91 Ibrmed 
between the cation exchange memtxane 71 and the anion exchange membrane 62 constitute the concentrating cfiam- 
ber. Similarly, a chancer 92 formed between the cation exchange membrane 72 arxl the anion exchange membrane 
63 constitute the concentrating chamber. In this way, four concentrating chambers are formed in the apparatus shown 

55 in Fig. 1. 

The anode chamber 3 and the cathode chamber 5 are respectively charged with suitable electrolytic solutions so 
as to provide electroconductivity. Since the concentration of the electrolyte solution is gradually lowered during electric 
cunrent supply, it is preferred to maintain the concentration always at a predetermined level. For this purpose, it is pre- 
ferred to recycle a portion of ion-concentrated water discharged from the concentrating channbers. The electrolyte solu- 
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tion is introduced through an electrolyte solution entrance pipe 1 1 1 to the anode chamber 3 and discharged through an 
electrolyte solution exit pipe 112 therefrom. In the same manner, the electrolyte solution is introduced through an elec- 
trolyte entrance p^e 1 13 and discharged through an electrolyte solution exit jpkpe 1 14 as to the cathode chamber 5. 

Furttier, water to be treated (water to be demineralized) is supplied In parallel to five diluting chambers through an 
5 entrance pipe 121 and treated water (demineralized water) is discharged from an exit pipe 122. Wbter (usually, the 
same as water to be treated) is supplied through an entrance pipe 131 to the four concentrating chambers and water of 
increased ionic concentration is discharged from an exit pipe 132. 

When a DC cun-ent (usually at 20 to 60 mA/dm^ is applied between the anode plate 2 and the cathode plate 4. 
impurity ions In water to be treated are removed by the anion and cation exchange fibers contained in the dotti 101 in 
10 the diluting chambers to provide demineralized water. The impurity ions captured in ttie ion exchange fibers are electri- 
cally dtalyzed by the anion and cation exchange membranes, transferred to the concentrating chambers and then dis- 
charged as Ion concentrated water from the exit pipe 1 32. 

The ratio of the amount of water to be treated supplied to the diluting chamber and the concentrating chamber 
depends on the composition of water to be treated and it is treated usually within a range of 1 :1 to 5:1. 
15 The supplying conditions to the apparatus are selected depending on the water quality desired, economics and 
composition of the water to be treated. 

For the basic structure of tiie demineralization apparatus according to the present invention, any of known electro- 
dialysis units of a structure in which cation exchange ment)ranes and anion exchange membranes are disposed alter- 
nately between electrodes of the anode and the catiiode can be used witti no particular restriction. For instance, a filter 
20 press-type or unit cell-type electrodialysis unit having a structure in which cation e«;hange membranes and anion 
exchange meiTtf)ranes are arranged alternately each by way of chamber frames between the anode and the cathode 
and diluting chambers and concentrating chanrtbers are formed wfth both of the Ion exchange membranes and the 
chamber fmmes are used. 

According to the present invention, a mixture of strongly acidic cation exchange fibers and strongly baste anion 
25 exchange fibers and further ionically inactive synthetic fibers, which is in the form of cloth, is packed in a diluting cham- 
ber. 

The anion and cation exchange fibers usatAe herein can include fibers of a polymer of polystyrenes, polyphenols, 
polyvinyl alcohols, polyacrytates. polyethylenes and polyamides having cation exchange groups and anion exchange 
groups respectively. 

30 A typical example of the cation exchange group is sulfonic group. A typical example of the anion exchange group 
is trimethyl anrvnonium group. 

The cation exchange groups on the strongly acidic cation exchange fibers have pKa of usually less than 1.0. The 
anion exchange groups on the strongly basic anion exchange fibers have pKb of usually more than 13. 
The ion exchange fibers are commercially available. 
35 The cation and anion ion exchange f toers may be in regenerated forms (H form and OH form) or salt foniis. 

As ttie ionically inactive synthetic fibers to be mixed with the anion and cation exchange fibers, synthetic fibers hav- 
ing no ion exchange groups (usually not more than 0.1 meq/g) can be used with no particular restriction othenwisa Typ- 
ically, syntiietic fibers made of polyester, polyolef in, polyamide or the tike can be mentioned. 

A forni of the dotti comprising the mixture of the Ion exchange fibers and ttie ionicafly inactive synthetic f 3>ers can 
40 includes felts, non-woven febrics. paper, knitted and brakJed products. Based on ttie weight per unit area, ttie ckytti is 
evaluated. 

The strongly addic cation exchange fibers and ttie sta-ongly basic anion exchange fibers are used usually at a ratio 
such that ttie ion exchange capacities are substantially equal to each ottier (usually 48/52 - 52/48, preferably 49/51 - 
51/49). to which the ionically inactive synttietic f bers are added to form ttie doth for packing ttie diluting chamber. If ttie 
45 ionically inactive synttietic fibers are used alone, since ttie ion exchange fibers are not present at all. demineralized 
water quality obtainable is as poor as that in usual etecfrodialysia 

On the ottier hand, if ttie ionk^ally inactive synthetic fibers are not mixed at all. hindrance of ion transportation would 
occur, which is conskJered to be attributable to ttie fonmation of contact between ttie anion and cation exchange f bers 
to each ottier as explained below, failing to obtain good demineralized water quality. Therefore, an appropriate content 
so of ionically inactive synttietic fbers is required. 

The content of ttie ionrcally inactive synthetic fibers In ttie mixture of ttie anion and cation exchange f fleers and ion- 
ically inactive synttietic fibers is preferably from 20 to 70% by weight and, particulariy preferably from 30 to 60% by 
weight based on ttie entire weight Within the above-mentioned range, impurities ions in water to be treated can be cap- 
tured more rapklly and transported to the outskJe of ttie ion exchange membranes more rapidly. 
55 The thickness of ttie doth, while different depending on ttie apparent density, is usually made greater by 1 0 to 60% 
than ttie thickness of ttie diluting chamber and to such an extent as capable of dose packing into ttie diluting chamber. 
The thickness of the diluting chancer is usually 1 to 5 mm. Plural of ttie cloth may be used with stacking. 

There are no particular restriction on the diameter and ttie lengtti of ttie strongly addic cation exchange fibers, ttie 
strongly basic ank>n exchange fibers and ttie ionically inactive synttietic fibers so far as ttiey can be made into dotti. but 
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usually the diameter is from 5 to 50 fim and the aspect ratio (length/diameter) is from 1 00 to 250. 

As has been described above, the present invention is mainly characterized by packing the doth comprising a mix- 
ture of the anion and cation exchange fibers and lonically inactive synthetic fibers in the diluting chambers and utilizing 
the electrodialysts action to produce denvnerafized water. This is more advantageous in view of operation and, in addi- 

5 tion. can provide demineralized water at higher purity as compared with a case of producing demineralized water under 
the same operational conditions while packing a mixture of granular strongly acidic ion exchange resin and strongly 
basic ion exchange resin in the diluting chambers. 

More specif icaily. when the granular ion exchange resins are packed in the diluting chambers, it requires an 
extremely complicate operation to pack tfie granular ion exchange resins at a uniform thickness, in a homogeneously 

10 dispersed and mixed state of the granular cation exchange resin and the granular anion exchange resin and in a insep- 
arable manner. On ttie contrary, In a case of packing ttie cloth as a mixture of the ion exchange fibers and the lonically 
inactive synthetic fibers, th^ can be packed in the diluting chamber by an extremely simple and convenient operation 
while keeping the thickness substantially uniform and with no possibility of separatton between the cation exchange f il> 
ers and the anion exchange fibers to cause an inhomogeneous mixed state. 

IS Furtiier, in a case of the granular ion exchange resin, even during passage of water to be treated in the diluting 
chamber, there is a possibility of separation between the granular cation exchange resin and the granular anion 
exchange resin to result in an inhomogeneous dispersed and mixed state, which may lead to deterioration of ttie quality 
of demineralized water. Therefore, this makes it impossible to adopt an i4>ward stream for the water passing direction 
to the diluting chamber. However, use of the doth comprising the mixture of ttie ion exchange f ibera and ttie lonically 

20 inactive synttietic f bers as in ttie present invention can adopt ttie upward stream for the water passing direction, which 
can prevent instability of ttie quafity of demineralized water due to k)caiized stream of water to be treated which tends 
to occur in the case of a downward stream. 

Furttier, in ttie apparatus according to the present invention, demineralized water at higher purity can be obtained 
as compared with the case of using the granular araon and cation ion exchange resins. Alttiough the reason is not 

25 apparent, it may be considered as below. In ttie case of tiie granular ion exchange resins, if the captured impurity ions 
are cations for instance, the impurity ions transport along the surface of the cation exchange resin partides adjacent to 
each ottier by ttie application of a voltage and transfer toward a negative potential. If the captured ions are anions, the 
impurity ions transport along the surface of ttie anion exchange resin partides adjacent with each other and transfer 
toward tiie positive potential for regeneration. However, if ttie cation exchange resin partide is in adjacent witti ttie anion 

30 exchange resin, ion transfer is interfered and hindered due to difference of ion exchange resins and ttie regenerating 
eff idency is worsened. 

On tiie other hand, in a case of using the ion exchange f bers as In ttie apparatus according to the present Inven- 
tion, the impurity ions once captured transport along the surface of one cation exchange fiber and transfer toward the 
negative potential, if ttie ions are cations. The captured inrpurity ions, if ttiey are anions, transport along ttie surface of 

35 one anion exchange f S>er and transfer toward the positive potential for regeneration. Different from the case of using the 
granular ion exchange resins, since the ion exchange fiber is continuous as a single fiber, the regenerating eff idency is 
higher and demineralized water at higher purity can be obtained. 

Since ttie ion exchange f ibera comprise single continuous fibers, ions can easily transport on tiie surface. Howe/er, 
if a cation exchange fiber and an anion exchange fiber are In contact to each other to have a point of contact, transfer 

40 of the cations and antons is hindered at the point of contact Then, tiie kmically inactive synthetic fibera are mixed to 
reduce the point of contacts between the anion and cation exchange fibera to each other, so that the tons transfer more 
rapidly, to further improve the regenerating efficiency and provide demineralized water at higher purity. In addition, 
incorporation of the ionically inactive synthetic fibera can reinforce the strength of ttie entire cloth. 

45 EXAMPLES 

Description wilt be made to examples of produdng denrtineralized water using the apparatus according to the 
present Invention. 

50 Example 1 

Demineralized water was produced while variously changing the ratio of the ionically inactive synttietic fbera in a 
mixture comprising the strongly acidic cation exchange fibers, the strongly l)asic anion exchange f bera and the ionically 
inactive synthetic f bera in the doth to be packed in the diluting chanber. 
55 As ttie strongly addle cation exchange fbera, fibers prepared by dispersing homogeneously a sulfonic compound 
of styrene and divinylbenzene into matrix of polyvinyl alcohol and dry spinning (lEF-SC (trade name), NITIVI Ca. Ltd.) 
was used. As ttie strongly basic ank>n exchange fbera. fbera prepared by adding polymethyl ammonium groups to a 
main skeleton of polyvinyl alcohol (lEF-SA (trade name), NITIVI Co.. Ud.) was used. Both of ttie ion exchange fbera 
are mixed each in an klentical ion exchange capacity, to which polyester fbera were added at various ratios as the kNV 
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icalty Inactive synthetic fibers into a mixed slate and thai fabricated into a nonwoven fabric for usa 

The apparatus used had a structure as shown in Fig. 1 except that the apparatus conprised three diluting cham* 

bars and two concentrating chambers. 

Each of the diluting chambers was 390 mm in length, 130 mm in width and 1 mm in thickness, in which the non- 
5 waven fabric (doth) were contained (10 g/camber). Each of the concentrating chambers was 390 mm in length, 130 mm 

in width and 2 mm in thickness, in which nothing was packed. 

The anion exchange membrane used was SELEMION® AMD (Asahi Glass Co.. Ltd.) having 390 mm in length and 

130 mm in width. The cation exchange membrane used was SELEMION® CMD (Asahi Glass Co.. Ltd.) having 390 mm 

in length and 130 mm in wktth. 

10 Water to be treated in this case was prepared by dissolving a mixture of 20% by weight of sodium chtoride and 80% 
by weight of sodium hydrogen carbonate into purified water, and contained salts of 10 ppm as calcium cartx)nate. The 
salt-containing water was passed through at a flow rate of 20 l/hr through the diluting chambers and both of the elec- 
trode chambers. Salt-containing water of an identical oonrposition was also passed at the same f tow rate to the concen- 
trating chambers. 

IS At the same time with the water passage, a DC cun^ent kept at 200 mA was applied through the electrode pfates in 
both of the electrodes chambers and the electroconductivity of treated water from the diluting chambers was measured. 
Results are showvn in Fig. 2. The graph shows the resistivity of treated water (reciprocal of the electroconductivity) (on 
the ordinate) while changing the ratio of the ionically inactive synthetic f bers in the doth packed in the diluting chamber 
(on the absdssa). It can be seen from the results that the mixing ratio of the ionically inactive synthetic fibers is prefer- 

20 ably within a range from 20 to 70% by weight and. particulariy preferably, within a range from 30 to 60% by weight. 

Example 2 

A water passage test was earned out lyy using the same demineralization apparatus as in Example 1. except for 
25 changing the thickness of the diluting chamber within a range from 0.3 to 5 mm. Conditions were Identical witfi those in 
Example 1 except that the content of the ionically inactive synthetk; fibers in the doth was at 50% by weight. The results 
are shown in Fig. 3. As can be seen from the results, towering of tiie resistivity of treated water was observed when tiie 
thickness of the diluting chamber exceeded 2 mm. 

30 Example 3 and Comparative Examples 1 and 2 

Water passage test was carried out using the same demineralization apparatus as that in Example 1 . In the com- 
parative examples, water treatment was conducted under ttie same condittons except for packing the granular ton 
exchange resins instead of the doth In the diluting chamber. Namely. In Comparative Example 1, a granular strongly 

35 acidic cation ion exchange resin (DIAION® PK1 12. Mitsubishi Kasei Corporation) and a granular strongly basto anion 
ion exchange resin (DIAION® SA1 OA, Mitsubishi Kasei Corporation) (I type) mixed each in an equivalent amount were 
packed (35 g/chamber). In Comparative Example 2. a granular strongly ackJic cation ion exchange resin (DIAION® 
PK1 12. Mitsubishi Kasei Corporation) and a granular strongly basic anion ton exchange resin (DIAION® SA20A. Mit- 
subishi Kasei Corporation) (II type) mixed each in an equivalent amount were packed (35 g/chamber) . On the oUier 

40 hand, in the example of ttie present invention, the dotti as described in Example 1 (ionically inactive synttietic fiber con- 
tent of 50% by weight) were packed in the diluting chamber. 

Using water to be treated of different electroconductivity OiS/cm) as shown in Fig. 4 (on the absdssa) and treated 
under the same conditions as those in Example 1 . to measure ttie resistivity of the treated water. The results are shown 
in Rg. 4, In tfie figure, a curve obtained by plotting double drdes shows Example 3. a curve oWalned by plotting trigonal 

45 marks shows Conparative Example 1 and a curve obtained by plotting a single circle shows Comparative Example 2. 
As Is dear from Fig. 4. as conpared with Comparative Examples 1 and 2 in which the granular ton exchange resins 
were packed in the diluting chancers, the example of the present invention in which the doth comprising a mixture of 
the Ion exchange fibers and tiie ionically inactive synthetic ihers can provide treated water of higher resistivity, that is. 
higher purity even In a case where the electroconductivity is rather high and tonic amount is rattier great in the treated 

so water. 

Example 4 

A water to be treated passage test was carried out by using the same demineralization apparatus as that in Exam- 
55 pie 1 . The content of ttie ionically inactive fibers in the dotti was 50% by weight The conditions adopted were toentical 
witti ttK)se in Example 1 except for using two types of water passing directions, ttiat is, using upward stream for ttie 
water passing directions both in ttie diluting chambers and ttie concentrating chambers (In Fig. 1 , water is passed from 
the entrance tube 121 for water to be treated to ttie diluting chambers in the direction of arrows and water is passed 
from ttie entrance tube 131 to ttie concentrating chambers in ttie direction of arrows, in whtoh the water passing direc- 
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tion was made Identical. TOs is referred to as first water passing case.) and using downward stream, contrary to the 
case of the first water passing to the diluting chamber and passing water in the i|>ward stream in the same manner as 
in the first water passing to the concentrating chambers (referred to as second water passing case). 
The resistivity of the resulted treated water was measured and the results are shown in Table 1 . 

5 


Table 1 



Diluting chamber 

Concentrating 
chamber 

Resistivity of treated 
water {Mn • cm) 

Rrst water passing case 

Upward stream 

Upward stream 

18.2 

Second water passing case 

Downward stream 

U|3ward stream 

18.2 


1$ 

That is, there was no difference in the resistivity of the treated water between the case where water was passed in 
the upward stream and the downward stream to the diluting chant^ers and treated water at high purity coutd be 
obtained. 

20 Claims 

1 . A demineralization apparatus comprising: 

an anode charTt)er (3) disposed at one end of a vessel(l) having an anode (2) at the Inside of the anode chanv 
25 ber (3): 

a cathode chamber (5) disposed at the other end of the vessel (1 ) having a cathode (4) at the inside of the cath- 
ode chamber (5); and 

at least one diluting chamber (81 . 82) and at least one concentrating chamber (91 , 92). disposed alternately 
between tiie anode chamber (3) and the cathode chamber (5), 
30 the diluting chamber (81 .82) having an anion exchange membrane (61 ,62) on the anode chamber side and a 

cation exchange membrane (71 . 72) on the cathode chamber side, 

the diluting chamber (81 ,82) having an Inlet (121) for water to be treated and an outlet (1 22) for demineralized 
water. 

tiie concentrating chamber (91, 92) having an inlet (131) for water and an outiet (132) for ion-concentrated 
3S water, characterized in that 

tiie diluting chamber (81 ,82) contains a doth (101) comprising a mixture of strongly acidic cation exchange fib- 
ers, strongly basic anion exchange fibers and ionically inactive synthetic fibers. 

2. A demineralization apparatus according to claim 1 , wherein: 

40 

at least two diluting chambers (81 .82) are disposed between the anode chamber (3) and the cathode chamber 
(5), an anion exchange membrane (61.62) is disposed on the anode chamber side of each of the diluting 
chamber (81 ,82), a cation exchange membrane (71 , 72) is disposed on tiie catiiode chamber side of each of 
tiie diluting chambers (81.82), and 
45 ttie concentrating chamber (91 . 92) is defined between each of the diluting chairtoers (81 .82). 

3. A demineralization apparatus according to claims 1 or 2. wherein an amount of tiie ionically inactive synthetic fibers 
in tiie mixture is from 20 to 70% by weight 

50 4. A demineralization apparatus according to claims 1. 2, or 3, wherein amounts of the strongly acidic cation 
exchange fibers and strongly basic arion exchange fibers are substantially equal based on fon exchange capacity. 

5. A demineralization apparatus according to Claim 4 wherein tiie ionically inactive synthetic fibers comprise polyes- 
ter, polyolefin or pdyamide. 

55 

6. A demineralization apparatus according to Claim 4 wherein the strongly acidic cation exchange fibers and the 
strongly basic anion exchange f bers comprise polystyrenes, polyphenols, polyvinyl alcohols, pdyacrylate, pdyeth- 
ylenes or pdyamides having cation exchange groups and anion exchange groups added thereto, respectively. 
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7. A derrunerarization apparatus accorcfing to any of the preceding claims wherein both the anode chamber (3) and 
the cathode chamber (5) have an inlet (1 1 1.1 13) and an outlet (1 12.1 1 4) for a electrolyte solutioa 

8. A process for the demlneralizatlon of water characterized by the step of passing water through the apparatus 
descn^bed in any one of the claims 1 to 7. 

PatentansprOche 

1. Demineralisierungsvorrichtung umfassend: 

eine an einem Ende eines Behaiters angebrachte Anodenkammer (3) mit einer Anode (2) Im Innem der 
Anodenkammer (3); 

eine am anderen Ende des Behditers (1) angebrachte Kathodenkammer (5) mit einer Kathode (4) im Innem 

der Kathodenkammer (5); und 

mindestens eine VerdQnnungskammer (81,82) und mindestens eine Kbnzentratbnskammer (91.92). die alter- 

nierend zwischen der Anodenkammer (3) und der Kathodenkammer (5) angeordnet sind. wot>ei 

die VerdQnnungskammer (81 .82) eine Anionenaustauschermembran (81 .62) an der Seite der Anodenteunmer 

und eine Katk)nenaustauschermembran (71 .72) an der Seite der Kathodenkammer aufweist. 

die VerdQnnungskammer (81.82) einen EtnlaB (121) fQrdas zu behandelnde Wasser und einen AuslaB (122) 

for deminerafisiertes Wasser besitzt. 

die Konzentratk)nskammer (91,92) einen EinlaB (131) fOr Wasser und einen AuslaB (132) fQr mit lonen ange- 
retchertem Wasser besitzt. 

dadurch gekennzerchnet daB die VerdQnnungskammer (81.82) einen Stoff (101) enthfllt. der eine 
Mischung aus Fasem aus einem stark sauren Kat'onenaustauscher. F^sern aus einem stark basischen Anlo- 
nenaustauscher und ionisch inaktiven synthetischen Fasern umfaBt 

2. Demineralisierungsvorrichtung nach Anspmch 1. dadurch gekennzeichnet, da8 mindestens zwfei VerdQnnungs- 
kammem (81 .82) zwischen der Anodenkammer (3) und der Kathodenkammer (5) angeordnet sind. eine Ank)nen- 
austauschermembran (61.62) an der Seite der Anodenkammer jeder der VerdOnnungskammem (81.82) 
angeordnet ist. eine Kationenaustauschermembran (71 .72) an der Seite der Kathodenkammer jeder der VerdQn- 
nungskammern (81 .82) angeordnet ist und die Kbnzentratkmskammer (91.92) zwischen jeder der VeidQnnungs- 
kammem (81.82) ausgebildet ist. 

3. Demineralisierungsvorrichtung nach Anspruch 1 Oder 2. dadurch gekennzeichnet. daB cfie Menge der ionisch inak- 
tiven synthetischen Fasem in der Mischung 20 bis 70 Gew.-% betrfigt 

4. Demineralisierungsvorrichtung nach Anspruch 1. 2 oder 3, dadurch gekennzeichnet daB die Menge der Fasem 
aus stark saurem Kationenaustauscher und der Fasern aus stark basischem Antonenaustauscher bezogen auf die 
lonenaustauschkapazitat im wesentlichen gleich sind. 

5. Demineralisierungsvom'chtung nach Anspruch 4, dadurch gekennzeichnet daB die k>nisch inaktiven synthetischen 
Fasem Polyester. Polyolef in oder Polyamid umfassen. 

6. Demineralisierungsvorrichtung nach Anspojch 4. dadurch gekennzeichnet. daB die Fasern aus stark saurem Kat- 
-ionenau^auscher und die Fasern aus stark basischem Anionenaustauscher Polystyrole. Poiyphenole. Polyvinylal- 
kohole. Polyacrylat Polyethylene Oder Pdyamide. die mit Kationenaustauschgnqapen bzw. Anionenaustausch- 
grijppen versehen sind. umfassen. 

7. Demineralisierungsvorrichtung nach einem der vorhergehenden AnsprQche. dadurch gekennzeichnet daB die 
Anodenkammer (3) und die Kathodenkammer (5) einen EinlaB (111.113) und einen AuslaB (112.114) fOr eine 
ElektrolytlOsung aufweisen. 

8. Verfahren zur Demineratisterung von Wasser. dadurch gekennzeichnet daB man Wasser durch die in einem der 
AnsprQche 1 bis 7 beschriebene Vorrichtung hindurchleitet. 

Revendicatlons 

1 . Appareil de d6min6ralisatk)n oomprenant: 
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- un Gompartiment d'anode (3) dispos6 k une extr6mrt6 d*un rteiplent (1) ayant une anode (2) d I1nt6rieur du 
compartiment d'anode (3); 

• un compartiment de cathode (5) dispos6 d Pautre extr6mit6 du recipient (1) ayant une cathode (4) d llnt^rieur 
du conpartiment de cathode (5): et 
5 - au moins un compartiment de dilution (81 , 82) et au moins un compartiment de concentration (91 . 92} dispo* 
86s aKernatlvement entre le compartiment d'anode (3) et le compartiment de cathode (5), 

- le compartiment de dilution (81 . 82) ayant une men^rane ^changeuse d'anions (61 . 62) du c0t6 du comparti- 
. ment d'arxxle et une membrane ^changeuse de cations (71 . 72) du c6t6 du compartiment de cathode. 

- le compartment de dilution (81 . 82) ayant une arriv^e (121) d'eau devarrt ^e trait^e et une sortie (1 22) d'eau 
10 d^min^ralis^e, 

- le conpartiment de concentration (91, 92) ayant une aniv6e (131) d*eau et une sortie (132) d*eau concentr6e 
en ions. caract6rls6 en ce que : 

- le compartiment de dilution (81 , 82) oontient un tissu (1 01 ) comprenant un melange de fibres 6changeuses de 
cations fbrtement actdes, de fibres ^changeuses d*anions fortement basiques et de fibres synth6tiques ionl- 

75 quement Inactives. 

2. Appareil de d^nlin^ralisation selon la revendication 1 . dans lequel : 

au moins deux compartiments de dilution (81. 82) sont disposes entre le compartiment d'anode (3) et le com- 
20 partiment de cathode (5). une membrane 6changeuse d'anions (61 . 62) est disposes du c6t6 du compartiment 

d'anode de chacun des compartiments de dilution (81 , 82), une membrane 6changeuse de cations (71 , 72) est 
disposes du c0t6 du compartiment de cathode de chacun des compartiment de dilution (81 . 82). et 

- lecompartimemde concentration (91. 92) est d6fini entre chacun des compartimemsdedll^ 

25 3. Appareil de d6min6ralisation selon la revendication 1 ou 2. dans lequel la quantity de fibres synth6tiques ionique- 
ment inactives dans le melange est comprise entre 20 et 70 % en poids. 

4. Appareil de d^in^ralisation selon la revendication 1 . 2 ou 3. dans lequel les quantity de fibres ^changeuses de 
cations fortement addes et de fibres ^changeuses d*anlons fortement basiques sont pratiquement 6gales en ce qui 

30 concerne la capacity d'tehangedlons. 

5. Appareil de d6min6ralisation selon la revendication 4. dans lequel les fibres synth6tiques ioniquement inactives 
comprennent un polyester, une polyol6f ine ou un polyamide. 

35 6. Appareil de d6min6ralisation selon la reverxlication 4, dans lequel les f bres 6changeuses de cations fortenrient ad- 
des et les fibres dchangeuses d'anions fbrtement basiques comprennent des polystyrenes, des polyphenols, des 
poly(alcool vtnylique). du polyacrylate, des poly^thyl^nes ou des polyamides auxquels ont 6t6 ^out6s respective- 
ment des ^'oupes 6changeurs de cations et des groupes echangeurs d'anions. 

40 7. Appareil de demineralisation selon Tune quelconque des revendications prec6dentes. dans lequel ^ la fois le com- 
partiment d*anode (3) et le compartiment de cathode (5) ont une aniv6e (1 1 1 , 1 13) et une sortie (1 12, 114) pour 
une solution d'eiectrolyte. 

8. Precede de demineralisation d'eau caracterise en ce qu'll comprend retape consistant k faire passer de I'eau k tra- 
45 vers I'appareil deait dans I'une quelconque des revendications 1^7. 


so 
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AMOUNT OF lONICALLY INACTIVE SYNTHETIC FIBERS (%) 


FIG.2 
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THICKNESS OF DILUTING CHAMBER (mm) 


FiG.3 
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ELECTROCONDUCTIVITY OF WATER TO BE TREATED CiS/cm) 

FIG.4 
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